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I Corresponding Author. E-mail: fpunzo@alpha. utampa.edu species into areas where they are not normally found can result in biotic disturbances to native ecosystems with concomitant adverse effects on native biota (Brockie, 1988; Crossland, 2000) . For example, in the United States, various species of introduced fish and anurans have had detrimental effects on native amphibian populations (Lachner et al., 1970; Berven, 1990) . The impact of introduced species on native fauna may, in some cases, be subtle and difficult to discern (Moyle, 1976; Howarth, 1991) . In other instances, the effects may be profound, resulting in the altering of species composition and dynamics of native communities (Elton, 1958; Vitousek, 1990) .
The giant (cane) toad, Bufo marinus is native to central and tropical South America (Zug and Zug, 1979) and was first introduced into Florida in 1936 in Palm Beach County as a control agent against insect pests of sugar cane (Lobdell, 1936; Krakauer, 1968 ). Since then, B. marinus has spread throughout southern Florida and has extended its range into south-central Florida (Butterfield et al., 1997). Adult B. marinus are generalist predators and will capture and ingest almost anything they can swallow including arthropods, other frogs, lizards, birds, and small mammals (Alexander, 1964; Zug and Zug, 1979). As a result, this toad can potentially contribute to the decline of local native amphibian populations (Covacevich and Archer, 1975; Crossland, 2000) . In the 1930s, the giant toad was also introduced into other regions including the Philippines and Australia as a potential control agent against insect pests has become a widespread pest in these regions (Alcala, 1957; Cogger, 2000) .
The eggs of some anuran species provide an important food source for a variety of aquatic organisms including gastropods, insects, fish, and tadpoles of other amphibians (Wassersug, 1971; Grubb, 1972; Zaret, 1980; Petranka et al., 1995; Crossland, 1998) . However, some anuran eggs possess toxins that can adversely effect predators and may even cause death (Licht, 1967 (Licht, , 1968 Duellman and Trueb, 1986 ; Peterson and Blaustein, 1992; Crossland and Alford, 1998). Numerous species of Bufo are unpalatable or toxic, or both, as eggs, larvae, or adults (Licht, 1967 (Licht, , 1968 Wassersug, 1971; Kruse and Stone, 1984; Punzo, 1995) .
Recent studies have shown that the eggs (from fertilization through hatching), as well as hatchlings and tadpoles, of B. marinus are toxic to oophagous native Australian tadpoles (Crossland, 1997; Crossland and Alford, 1998). The purpose of our study was to evaluate the toxicity of eggs of B. marinus to potential native aquatic predators in south-central Florida. We have been monitoring several small retention ponds in Hillsborough and Pinellas Counties for a number of years as part of a long-term study focusing on pond ecology, anuran behavior, and the effects of pollutants on local amphibian populations (Punzo, 1992 (Punzo, , 1993 (Punzo, , 1995 (Punzo, , 1997 . These small ponds are used as breeding sites in urban areas by many anuran species (Dodd, 1992; Punzo 1992 Punzo , 1995 , and in some cases, many if not all native amphibian populations have declined precipitously when B. marinus invades these ponds (unpubl. data).
We conducted a series of laboratory experiments to assess the toxicity of fertilized eggs of B. marinus to native aquatic predators. The fertilized eggs of several common aquatic invertebrate (insects, crayfish, and species into areas where they are not normally found can result in biotic disturbances to native ecosystems with concomitant adverse effects on native biota (Brockie, 1988; Crossland, 2000) . For example, in the United States, various species of introduced fish and anurans have had detrimental effects on native amphibian populations (Lachner et al., 1970; Berven, 1990) . The impact of introduced species on native fauna may, in some cases, be subtle and difficult to discern (Moyle, 1976; Howarth, 1991) . In other instances, the effects may be profound, resulting in the altering of species composition and dynamics of native communities (Elton, 1958; Vitousek, 1990) .
The giant ( Recent studies have shown that the eggs (from fertilization through hatching), as well as hatchlings and tadpoles, of B. marinus are toxic to oophagous native Australian tadpoles (Crossland, 1997; Crossland and Alford, 1998). The purpose of our study was to evaluate the toxicity of eggs of B. marinus to potential native aquatic predators in south-central Florida. We have been monitoring several small retention ponds in Hillsborough and Pinellas Counties for a number of years as part of a long-term study focusing on pond ecology, anuran behavior, and the effects of pollutants on local amphibian populations (Punzo, 1992 (Punzo, , 1993 (Punzo, , 1995 (Punzo, , 1997 . These small ponds are used as breeding sites in urban areas by many anuran species (Dodd, 1992; Punzo 1992 Punzo , 1995 , and in some cases, many if not all native amphibian populations have declined precipitously when B. marinus invades these ponds (unpubl. data).
We conducted a series of laboratory experiments to assess the toxicity of fertilized eggs of B. marinus to native aquatic predators. The fertilized eggs of several common aquatic invertebrate (insects, crayfish, and snails) and vertebrate (anurans, goldfish) predators were collected from a retention pond during 1997 to 1999 and allowed to develop into larvae or adults in the laboratory. Thus, all predators used in these experiments were naive to B. marinus eggs. We collected the fertilized eggs of B. marinus from the shallow margins of the pond on the day of their deposition during May 1999 and used them in toxicity trials within 48 h. The retention pond was located at the junction of Lumsden and King Avenues, in Brandon, Florida (Hillsborough Co.). It was 44.3 m in length, 20.7 m in width, with a maximum depth of 2.4 m, and had held some level of water continuously for at least 11 yr. The north and east sides of the pond were bordered by a wooded area, approximately 20 m in width, and the west side received runoff from an adjacent shopping center parking lot.
The methods used to rear these aquatic predators have been described elsewhere (Punzo, 1988; Punzo and Thompson, 1990) . To summarize, we reared aquatic insect larvae and naiads in 50-liter aerated glass aquaria containing filtered pond water (23 + 1?C), sand substrate, and native aquatic plants. Aquatic insect larvae and naiads were fed on a diet of Tubifex worms and juveniles of the killifish, Oryzias latipes (Punzo, 1988) . Crayfish and snails were reared in similar aquaria and maintained according to methods described by Needler (1937) We used a randomized block design as described by Crossland and Alford (1998), consisting of three treatment groups for each predator species: (1) one predator/bowl with no toad eggs (predator control group); (2) one predator/bowl with 50 eggs of B. marinus (predator exposure group); and (3) B. marinus eggs with no predator (B. marinus control). For each experiment, the experimental bowls containing individual predators were placed on a large wooden table in a 3 x 10 array (10 replicates for each treatment group), and treatments were allocated randomly to bowls within blocks so that no adjacent bowls were exposed to the same treatment. All predators were deprived of food for 24 h prior to testing. The condition of each predator and the number of B. marinus eggs consumed were monitored at 12-h intervals. Toad eggs were exposed to predators until the onset of hatching. Predators consuming toad eggs were observed for 72 h after termination of experiments in order to evaluate their condition.
All statistical procedures followed those described by Sokal and Rohlf (1995) and were performed using SAS (SAS Institute Inc., Cary, NC, 1988) . Chi-squared contingency tests were used to analyze the effect (if any) of exposure to toad eggs on predator survival. Each test analyzed the numbers of individual predators (summed across all species) in a 2 x 2 contingency table. These tables classified predators by exposure to toad eggs (not exposed/exposed) and survival (survived/did not survive for 72 h). This approach allowed for the maintenance of Type I error rates pertaining to the hypotheses that exposure to toad eggs would affect predator survival.
If an overall test indicated that exposure to eggs affected predator survival, separate contingency table analyses were conducted for each predator species (Crossland and Alford, 1998). This allowed us to test the hypothesis that each predator species was adversely affected by toad eggs. The mortality rates of predators in control versus toad egg treatments were not compared statistically in cases where predators did not exhibit any mortality after exposure to eggs. If all individuals within a predator species consumed the eggs of B. marinus resulting in some degree of predator mortality, the numbers of living and dead predators were compared in control and egg treatments using 2 X 2 Fisher's Exact tests (Sokal and Rohlf, 1995). If only some individuals of a predator species consumed toad eggs resulting in mortality, numbers of living and dead predators were compared for three categories using a 2 X 3 Fisher's Exact test (Crossland and Alford, 1998): (1) controls, (2) predators exposed to toad eggs that consumed at least one egg, and (3) predators exposed to toad eggs that did not consume any eggs.
Finally, to determine whether vertebrate and invertebrate species differed in their susceptibility to the eggs of B. marinus, numbers of vertebrate and invertebrate species that consumed toad eggs without adverse effect were compared to the respective numbers of species that exhibited significant mortality after feeding on the eggs, using a 2 x 2 Fisher's Exact test (Sokal and Rohlf, 1995; Crossland, 1998) .
There was no mortality in any of the predator control treatment groups. Approximately 6% of the eggs in the egg control groups did not hatch. The results of predator exposure to and consumption of eggs of B. marinus are shown in Table 1 . All predators that died when exposed to toad eggs had ingested eggs previously.
With respect to invertebrate predators, dragonfly naiads and water scorpions did not consume any toad eggs. Those giant water bugs, dytiscid beetles, and crayfish that consumed toad eggs experienced no mortality. However, the snail Lymnaea sp., experienced high mortality (70%) when exposed to toad eggs, and all snails that ingested toad eggs died. This suggests that the presence of B. marinus may cause a reduction in the density of pond snails in retention ponds. Crossland and Alford (1998) reported a 100% mortality rate for the gastropod, Austropeplea lessoni , after feeding on B. marinus eggs in Australia. In contrast, there was a higher mortality rate among many of the vertebrate predators in the presence of eggs of B. marinus. Mortality rates ranged from 20% for tadpoles of B. terrestris to 100% for tadpoles of H. cinerea. The tadpoles of O. septentrionalis, another exotic species in Florida, experienced a mortality of 30%. This species feeds on native treefrogs and can cause a significant reduction in their numbers (Meshaka, 1994) .
The only larval anurans to consume toad eggs and exhibit no mortality were tadpoles of G. carolinensis . A previous study by Crossland and Alford (1998) suggested that there may be individual variation in the toxicity of eggs of B. marinus ; thus, G. carolinensis may have been offered eggs that were less toxic than the eggs offered to other predators. This may also be due to genetic factors associated with the cellular detoxification mechanisms (i.e., microsomal mixed function oxidases) that are perhaps unique to this species and deserves further investigation.
Sixty percent of the goldfish that consumed B. marinus eggs died. However, Crossland and Alford (1998) reported that only one of 10 Australian fish (Craterocephalus stercusmuscarum ) offered toad eggs died, and this was the only fish that actually consumed the eggs.
Overall, exposure to the eggs of B. marinus had a significant effect (Yates' corrected x2 = 48.94, P < 0.0001) on the survivorship of aquatic predators when compared to controls. Mortality of predators consuming toad eggs occurred within 24 h of consumption for Lymnaea sp., H. cinerea, R. sphenocephala, and S. holbrooki, 24-48 h for B. terrestris, and C. auratus, and 48-72 h for 0. septentrionalis. None of the predators that ingested toad eggs without adverse effects during the course of the experiments died during the subsequent 72-h monitoring period.
Some of the predators used in these experiments consumed toad eggs without experiencing any mortality, whereas others exhibited variable mortality rates ( Table 1) . The differential mortality observed among these predators was not related to the number of toad eggs consumed since there was no significant difference between the numbers of eggs eaten by predators that died as compared to the number eaten by predators that survived (Mann-Whitney U-test, P = 0.20).
Vertebrate predators were significantly more susceptible to the toxins in the eggs of B. marinus than invertebrate predators (Fisher's Exact test, P = 0.016). Overall, six predator species consumed toad eggs without any adverse effects, whereas a total of seven species exhibited mortality rates after feeding. There was no significant effect of feeding mode on the susceptibility of predators to egg toxins (Fisher's Exact test, P = 0.571).
Our experiments show that some species of naive native aquatic predators will consume B. marinus eggs and that these predators differ in their susceptibility to the toxins present in these eggs. All of the aquatic insects and crayfish associated with this retention pond that consumed B. marinus eggs did so without experiencing any apparent adverse effects. This is in agreement with the results reported by Crossland and Alford (1998) for native aquatic insects and crayfish in Australia. The ability of crayfish and aquatic insects to ingest B. marinus eggs with impunity is noteworthy since the relatively high toxicity of these eggs to many animals has been well established (Covacevich and Archer, 1975; Crossland and Alford, 1998). The overall high mortality rates exhibited by R. sphenocephala and S. holbrooki may reflect a limited ability of these tadpoles to detect egg toxins (M. Crossland, pers. comm.). Alternatively, the absence of other types of food may have forced them to eat toxic eggs, which they otherwise would have avoided (Crossland and Azevedo-Ramos, 1999). The consumption of B. marinus eggs by crayfish, giant water bugs, and some species of dytiscid beetles suggests that predation by some aquatic invertebrates might account for a significant source of mortality for B. marinus under natural conditions.
In contrast, consumption of B. marinus eggs resulted in high mortality in several native larval anurans including H. cinerea (100%), R. sphenocephala (90%), and S. holbrooki (60%). This is in agreement with Crossland (1998) who reported high mortality rates (> 80%) for tadpoles of Litoria alboguttata and Limnodynastes ornatus after feeding on B. marinus eggs in Australia. These kinds of results reported from laboratory studies may also occur under more naturalistic conditions. For example, Crossland (2000), using artificial pond experiments, reported that tadpoles of L. ornatus exhibited reduced survival when exposed to B. marinus eggs and hatchlings. In addition to the toxic effects of its eggs on native larval anurans, B. marinus can also adversely effect adult populations of native frogs. Indeed, in some Florida retention ponds that are enclosed by chain-link fences, once B. marinus adults attain a certain size and can no longer squeeze through the fences, they represent a "captive" population that can only feed on other animals that they encounter within the enclosed area. As a result, in some of these enclosed ponds, we have seen B. marinus virtually eliminate all other species of anurans as well as engaging in cannibalism (unpubl. data).
In conclusion, the results of this study indicate that the presence of B. marinus may lead to significant changes in aquatic predator assemblages and species composition due to the toxicity of its eggs. These data provide further evidence that, in addition to competition and predation, introduced species may also ex-ert a negative impact on native fauna resulting from toxic effects.
